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Abstract
Describes the beam optics for the 2007 ILC test beam runs at End Station A 
at SLAC. Two test beam runs took place, Run 3 in March 2007 and Run 4 in 
July 2007. 
1. INTRODUCTION
End Station A (ESA) at the Stanford Linear Accelerator Centre (SLAC) 
provides a test facility for various components of the International Linear 
Collider and is described in general elsewhere1,2. This report describes ESA 
beam optics measurements and tuning performed during 2007. Two test beam 
runs (‘Run-3’ and ‘Run-4’) took place in March and July. 
Optics solutions devised in 2006 continued to be used in 2007 for the existing
experiments, while new solutions were found for newly installed experiments. 
The main challenges in 2007 included linac operation with LCLS injection 
modifications; and in March, loss of one of the final focussing quads. 
2. ESA BEAMLINE AND EXPERIMENTS
A description of the ESA beamline is given in previous note3. A very brief 
summary is given here. The A-line delivers 28.5 GeV beam from the end of 
SLAC linac to the ESA experimental hall. The beam is delivered at 10 Hz 
single bunch, parasitically to PEP-II operation. During PEP-II injection the 
beam is limited to 1 Hz.
The A-line (excluding the ESA hall) is approximately 200 m long and 
consists of a 24 degree dipole bending section (with dispersion suppression 
quadrupoles) and four final focusing quadrupoles (Q27,Q28,Q30,Q38). A 
synchrotron light profile monitor in the bend is used to measure the beam 
energy spread. Steering feedback is controlled by horizontal/vertical 
correctors in the focussing section and RF BPMs at the end of the A-line and 
within the ESA hall. Energy feedback is controlled using the phasing of the 
end-of–linac klystrons and a stripline BPM at the bend mid-point.
The beamline in the experimental hall was modified significantly after the 
2006 test beam runs. The 2007 experiments include: the T480 collimator 
wakefield experiment4; the T474 and T475 energy spectrometer experiments5; 
the T487 Smith Purcell bunch length monitor experiment; the T488 FONT 
BPM background experiment6. 
The 2007 layout can be seen in the figure below. The main changes since 
2006 include the installation of a dipole chicane and wiggler, components of
the T474, T475 experiments; the existing BPMS were reconfigured around 
the chicane.
Figure 1. To scale diagram of final section of ESA beamline, in 2007. Left, final quadrupoles; right, 
ESA experiment components. Correctors A28,A29.A32,A33; collimators 3C1, 3C2; wirescanners 
WS1,WS2; chicane dipoles B1-4; profile screen PR2. 
3. SLAC LINAC AND GENERAL SET-UP PROCEDURES. 
The SLAC linac has 30 sectors. Only the first two thirds (sectors 2-20) and 
sectors 27-28 (A-line energy feedback) are used for acceleration. The RF 
phase is configured to damp cavity wakefield effects. 
The transverse beam emittance increases through the linac with design values
x/y = 0.3/3.010-5 m in sector 2 and x/y = 0.5/3.610-5 m in sector 28.
Sectors 02, 04, 11, 28 contain wire scanners for emittance measurements. 
A-line beam conditions are sensitive to wakefields in the main linac, and the 
effects are controlled by linac steering and ‘phase ramp’ (the phase of the 
extracted bunch with respect to the linac phase). Linac steering feedback set 
points have significant effects on the emittance, especially the small vertical 
emittance. In the A-line, small vertical spot size is required (for the T480 
experiment), and the beam size is seen to respond strongly to the vertical 
position and angle feedback points in linac sector 6. The phase ramp controls 
the A-line energy spread and bunch length. 
A-line beam set-up procedures consist mainly of steering, dispersion 
suppression, BPM phasing and calibration. Quadrupole ‘bowtie’ steering is 
detailed a previous note3. Dispersion is measured on the ESA hall BPMs by 
‘dithering’ the beam energy and measuring their correlation with high 
dispersion BPM (see previous note3).
4. BEAM SET-UP AND TUNING MARCH 2007.
4.1 Machine Configuration Changes since 2006 and Beam Set-up
Since the previous ESA test beam run (Run2, July 2006), the LCLS injector 
had been installed in linac sector 21. The anatomy of the LCLS injection line 
is described elsewhere7.
No whole-linac tuning had been performed since the LCLS injection 
installation, which caused initial beam set-up difficulties. The LCLS X-band 
cavity, part of the LCLS bunch compression apparatus, has a small aperture
leading to beam losses and machine protection trips, often limiting the bunch
rate to 1Hz. The beam losses were strongly correlated with beam current and 
anti-correlated to A-line beam energy spread. High current, low energy spread 
beams were difficult to maintain at 10Hz.
In addition, klystron problems in the last third of the linac limited the beam to 
24 GeV for the beam set-up period. Two vertical wires (“y-wires”) in the four 
wire scanners at the end of the linac (sector 28) were also broken, which 
further inhibited emittance tuning. 
Linac tuning was performed during the run, and bunch charges of 1.61010 e-
were achieved.
4.2 Test Beam Run 3 Optics
A-line quadrupole Q30 (vertical focussing) was disabled throughout the 
March run due to a leak in its water cooling supply, discovered during beam-
setup. The quadrupole is usually used to focus the beam to a narrow vertical 
size for the collimator wakefield experiment. 
An alternative beam optics strategy was devised (by Rick Iverson), using 
quadrupoles upstream of the A-line lattice to achieve the vertical focus. The 
strengths of six quadrupoles in linac sector 30 (Q201-801), a quadrupole 
triplet in the switchyard (50Q1/Q2/Q3) were modified, and A-line 
quadrupoles Q27 and Q28 were adjusted to achieve small vertical beam size 
(Q30 and Q38 were turned off). A MAD model of the beam line was used to 
find the optics solution. 
The vertical beam size at the test collimators during the run was in the range 
100-150 m, while the horizontal beam size was around 1mm, for a high 
charge beam of 1.61010 e-. At lower charge smaller beam sizes were 
observed. The same basic optics configuration was used for all the 
experiments (collimator wakefield, energy spectrometer, Smith Purcell), 
except the FONT BPM background experiment. Some adjustments were 
made to obtain smaller horizontal beam size in the chicane, and at the Smith 
Purcell detector, by making small changes to Q27 and Q28 strengths. Figure 2
illustrates some A-line beam profiles measured during the run. 
The emittance in the A-line was measured at different bunch charges, using a 
Q27 quadrupole scan and WS1. At low bunch charge (1.01010 e-), measured 
normalised emittances were x = 11310-5 m (est. 10% error) and y = 
3.510-5  m (est. 10% error) (ELOG entry 588). At higher bunch charge 
(1.61010 e-) the emittance was measured as x = 1591510-5 m and y = 
4.60.510-5  m (ELOG entry 655). These values are significantly higher than 
were measured in 2006, particularly in x, where the largest value measured in 
2006 was x = 40.62.610-5 m3. The quad scan data and measured optics are 
illustrated in Appendix B.  
The new optics configuration also resulted in larger beam size at the entrance 
to the focussing quadrupoles. The measured beta functions at Q27 entrance 
were x = 628 ± 78 m, y = 834 ± 11 m. The largest values recorded in 2006 
were x = 110 ± 13 m, y = 258 ± 28 m. This equates to a beam size 2.4 times 
bigger in x, 1.8 times bigger in y; for a fixed linac emittance.   
Figure 2. Beam sizes measured at wire scanner 1, for main optics configuration used in March 2007. 
Left, horizontal beam size; right, vertical beam size. Top and bottom show profiles taken at 
different times. The bunch charge for each profile is not known precisely, but it is in the range 1.0 
to 1.6e10 e- per bunch. 
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1006 m
Increased jitter compared to 2006 was observed in the x and y planes. Position 
jitter was seen at ~ 50 m, angle jitter in was 1 rad in y and 4 rad in x. In 
2006 y position jitter was 20-30 m and x angle jitter was 1-2 rad. Appendix 
C contains the plots of the A-line feedback position and angles during Run 3.
The minimised dispersion was measured as ~20-50 mm in x and ~5mm in y 
on BPMs 41, 42 (ELOG entry 696). 
5. BEAM SET-UP AND TUNING JULY 2007
5.1 Test Beam Run 4
The beam losses on the LCLS X-band cavity continued to be problematic in 
the Run 4. The bunch charge was not raised higher than 1.61010 e-, and often 
limited to lower values during the first days of beam set up. A closed steering 
bump knob at the X-band cavity was devised which was effective in reducing 
the beam losses.
For initial beam set up, the Run 3 machine optics configuration was used. 
However, as described above, the beam jitter was large compared to that
observed in 2006. The machine optics configuration from 2006 was thus 
recovered, by adjusting quadrupole strengths in linac sector 30 and the 
switchyard to the values used in the 2006 configuration. The x angular jitter 
observed in the feedback system is shown in Figure 3  (the complete set of 
feedback history plots are given in appendix C). The jitter is reduced after the 
change of optics configuration, although the decrease in bunch charge during 
the same day also leads to greater beam stability. 
Figure 3. Horizontal angular jitter in A-line, measured by steering feedback system. The change in 
optics configuration is indicated by the change in Q27 strength (middle plot). The lower plot indicates 
the bunch charge (vertical scale 109).
The A-line focussing optics (Q27-Q30) solutions for the collimator wakefield 
and energy chicane experiments devised in 2006 could then be used to 
recover the beam optics conditions in 20063. Figure 4 shows the measured 
beam sizes at bunch charge of 1.5e10.  These compare well with the profiles 
measured in 2006.
For the energy spectrometer BPM data taking, the solution obtained in 2006 
was used, locating the horizontal waist at the mid-chicane. The horizontal 
beam sizes are shown in Figure 5. Again, these compare well to the beam 
sizes measured in 2006.
For the Smith Purcell experiment, a number of different configurations 
throughout the run were used. The later optics configurations aimed to locate 
a narrow horizontal beam size (< 400 um) at the SP detector. Since no beam 
size monitor was very near the SP detector, the beam size can only be inferred 
from the WS1 and WS2 measurements approximately 10m upstream and 
downstream of the detector. For the synchrotron stripe detector, a small 
Figure 5. Run 4 T474 optics. Horizontal beam sizes at WS1 and WS2 
(mid chicane).
621 m
259 m
Figure 4. Run 4 T480 optics. Horizontal and vertical beam sizes at 
bunch charge 1.51010.
900 m 83 m
horizontal beam size (and thus small horizontal synchrotron stripe) at the 
detector was desirable. A solution was obtained for 200 m horizontal beam 
spot at the detector. The beam size solutions for the Smith Purcell and 
synchrotron stripe experiment can be seen in Appendix E.
The A-line emittance was explicitly measured with quadrupole scans on one 
occasion (log entry 792). The results were x = 32.510-5 m (est. 10% error) 
y = 4.210-5 m (est. 10% error). Several sessions of linac tuning were 
performed afterwards but the emittance was not measured again. 
Considerable vertical dispersion was observed during the run, which seemed 
dependent on the configuration of the final quads. Table 1 gives the 
dispersion measurements under various conditions. The dispersive effect of 
the final quadrupoles is not understood. 
Table 1. Dispersion measured in A-line for different optics configuration.
Log entry Quad strengths
(Q27, 28, 30, 38)
kGauss
Vertical 
Dispersion at 
BPM 31,32
Vertical Dispersion 
at BPM 41,42
845 -72.0, 84.0,
-30.0, 0.0
(Scratch 711 for 
T480)
130 mm 90 mm
887 -1.4, 67.5
-41.7, 50.8 
(NORMAL 493 for 
T474)
400 mm 150 mm
924 -72.0, 84.0
-35 , 30
75 mm 15 mm
Appendix A. Summary of SCP optics configurations used in 2007.
Period/experiment 21-BSY BSY_ESA Description
Run-3 March 2007
T480 NORMAL 6 NORMAL 478 BSY_ESA 478 may 
have been modified 
by waist knobs in 
some runs
T488 NORMAL 6 NORMAL 479 Q27,28 tweak for 
large round beam
Run-4 July 2007
T480 NORMAL 57 NORMAL 491
T474 NORMAL 57 NORMAL 493
T487, (July 13, Owl, 
ELOG 829)
NORMAL 55 NORMAL 478 Magnet histories 
shows Q30 changes 
from ~0 to -30 
during owl shift.
T487, (July 18, Owl, 
ELOG 899)
NORMAL 57 NORMAL 494 Modified NORMAL 
493 for small 
horizontal beam 
sizes
T487, (July 20, Day, 
ELOG 924)
NORMAL 57 NORMAL 495 T480 solution, tune 
Q30,38 by hand for 
smaller horizontal 
beam size
T475 NORMAL 57 NORMAL 496 MAD fit for 200 um 
at stripe detector
T475 (entry 950) NORMAL 57 NORMAL 497 Modified NORMAL
496 for less vertical 
dispersion with 
larger x-spot on 
stripe detector. 
Appendix B. Quad-Scan Emittance Measurements March 2007, Run-3
Figure 7. Beam size through A-line, projected from emittance measurements above. Q27 entrance at  
0m, wakefield box centre at 95m. These beam optics were used for all experiments in Run-3 (except 
T488), as described in section 4.2 and appendix A.
Figure 6. Quad scan data at  bunch charge 1.01010 e-. 
Figure 9. Beam size through A-line, projected from emittance measurements above. Q27 entrance at  
0m, wakefield box centre at 95m. These beam optics were used for all experiments in Run-3 (except 
T488), as described in section 4.2 and appendix A
Figure 8. Quad scan data at bunch charge 
1.61010 e-. 
Appendix C Beam jitter in Run-3. 
Figure 10. Energy jitter as measured by A-line energy feedback system. Top, energy deviation from 
nominal value (MeV), bottom, rms energy deviation (MeV).
Figure 11.  Horizontal beam jitter, measured on A-line feedback system. Top, horizontal position (X) 
in m; bottom, horizontal angle (XANG) in rad.
Figure 12. Horizontal beam jitter, measured on A-line feedback system. Top, vertical position (Y) in 
m; bottom, vertical angle (YANG) in rad.
Appendix D. Beam jitter in Run-4, during end-of-linac optics changes. 
The change in Q27 strength (middle plot in each figure) indicates the point at 
which the optics configuration was changed. On each figure the lower plot 
denoted the bunch charge.  
Figure 13.  Horizontal position jitter.
Figure 14. Horizontal angular jitter
Figure 15.  Vertical position jitter
Figure 16. Vertical angular jitter.
Appendix E. Solutions for Smith Purcell and Quartz Fibre detector.
Figure 17. Solution for T487 experiment, to provide 170 um horizontal beam size at the SP detector. 
The Smith Purcell detector is located at s = 106.4 m. The predicted beam size at WS1 (WS2) is 336 um 
(374 um). The measured beam size are shown below. 
Figure 18. Measured beam sizes for T487 solution. WS1 495 um WS2 489 um. It 
was confirmed that the x waist lay between WS1 and WS2 by decreasing Q38 
strength and observing the beam size on WS2 decrease. 
Figure 19. Solution for T475 experiment, to provide small horizontal beam size (170 um) at the quartz 
fibre detector. The quartz fibre detector is located at s = 137 m. 
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